A nonhomothetic cost function allowing for variable elasticities of scale and substitution and neutral, as well as factor-using, technical change is estimated for the meat products industry. Empirical results suggest that over the period 1972-76 this industry was characterized by increasing returns to scale. The nonhomothetic and nonneutral specification implies that returns to scale and the rate of technical progress are significantly affected by factor price changes and the level of output. Higher labor prices lead to greater scale economies and to greater cost reductions through technological advances.
ified. The cost function for the meat products industry is estimated under various assumptions with annual time-series data for the period 1954-76. Estimation results are used to examine the structure of production in the meat-processing industry.
Theoretical Framework
Assume technology in the meat products industry can be described by an aggregate production function F(x) that satisfies all conditions for the existence of a unique dual cost function (Diewert); x is a vector of nonnegative inputs. The dual cost function is Thus, there are instances where inputs are substitutes according to Morishima but complements according to Allen.
The Empirical Model
The empirical analysis assumes the existence of a well-behaved, aggregate production function for the meat products industry, Allen partial elasticities of substitution are expressible as (9) Tii = (fi3 + S2 -Si)/Si2 (9) ij = (Pij + SSj)/SSj,, i * j.
Economies of scale are often defined as the relative increase in output resulting from a proportional increase in all inputs. Hanoch demonstrates that often it is more relevant to measure scale economies by the relation between total cost and output along the expansion path. The elasticity of scale (E) is the reciprocal of the elasticity of cost (Fc) with respect to output along the expansion path and can be written for (6) as is homogenous of degree ay-1 and the elasticity of scale is constant. The rate of technical progress (Ohta) which reflects the cost reduction from technical change for (6) is (11) Et = -alnC(y,w,t)/at = -(OT + qrt + kTy Iny + ZYon Inwi).
Technical change is neutral at a non-constant exponential rate of •T + rrt + PTY Iny if 4~T = 0 for all i. For input i, technical change is input-saving, input-neutral, or input-using as o4, is less than, equal to, or greater than zero, respectively. In the present framework, estimation of the share equations (8) To assume homogeneity, therefore, is not much more restrictive than homotheticity for the meat products industry. The null hypothesis for the homotheticity test is that the underlying production function is everywhere homothetic, i.e., it can be represented as H(y) = F(x), where F(x) is linearly homogenous and H is a monotonic, increasing function. It is possible for production func-' All computations were carried out on an IBM 3033 computer, using the TROLL econometrics package. tions that are not everywhere consistent with this representation to exhibit behavior consistent with a homothetic technology over certain regions of the input space. For example, Hanoch demonstrates that any production function generating a U-shaped average cost curve has at least one point at which the scale elasticity (E) equals one, implying local constant returns and local homotheticity. Since homotheticity requires all inputs to be normal and input ratios to be independent of the level of output, a crude test for local homotheticity can be based on the elasticity of input demand with respect to scale, That capital structures appear inferior may seem an implausible result. It is consistent with observed changes in this industry. The advent of large-scale confinement feeding has dampened seasonal fluctuations in livestock supply and reduced the need for "peak load" capacity. Furthermore, geographic specialization increased the feasibility of single-species facilities with further on-site processing.
Further evidence on the plausibility of capital structures as an inferior factor is provided by its technical change parameter for the most general version of the model (NHT-NN). Technical change in the industry appears to be non-neutral and structures saving as indicated by the negative and asymptotically significant krs reported in table 1. The other estimated technical change coefficients suggest that new technology has been labor saving and material using. This finding apparently reflects the shift from a relatively highly skilled labor force at the beginning of the sample period to the relatively unskilled assembly-line work force currently used. There also has been a decline in labor use per unit of output between 1954 and 1976 by almost one-half. Hence, labor-saving innovations captured by the 4TL coefficient appear to be qualitative as well as quantitative. Materials using technical change likely can be attributed to both genetic improvements in livestock as well as structural changes in the feeding industry. For example, grain-finished cattle as a percentage of total cattle slaughter increased from 40% in the mid-1950s to almost 80% in the early 1970s. Although technical change appears to be capital and energy using, 1TK and 1TE are not asymptotically significant.
Estimated elasticities of substitution are reported in tables (4)-(6) for 1965. Elasticities for other years are not reported because there is relatively little variation in them. The estimated Allen elasticities suggest that labor is a substitute for all other inputs; capital is a complement of energy and materials. Even though the Allen elasticity measures input respon-,siveness to input price changes, it is somewhat limited since it only measures how one input adjusts to a factor price change. It yields little information on relative input adjustments to a factor price change. Because it is TOES, the Morishima elasticity measures relative input 
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The cost share of input i in the production of a constant level of output increases as a result of an increase in wj if and only if o-> 1. With our results, this suggests that the cost share of labor will increase as a result of an increase in the price of capital, energy, or structures. Energy's cost share will increase as a result of an increase in the price of labor or structures. Calculated scale elasticities for 1970-76 are reported in table 7. These results suggest that, over the last four or five years of the sample period, the meat products industry was characterized by increasing returns to scale. It appears that there exist economies of scale within the meat products industry and the potential for noncompetitive behavior. Also note that, for the same period, the rate of technical progress has apparently been negative. This indicates increasing average cost from technical change-apparently technological regression. Because technological regression seems somewhat implausible, it is interesting to pursue this result further. Consider figure 1, where the estimated industry average cost curve for 1971 is labelled ACt. To approximate the effect of technical change on average Another possibility is that scale effects have been confounded with technical change in the estimation of (6). Although it is certainly over-restrictive to require (10) to satisfy any a priori contraints (as would be the case with the imposition of constant returns), it is questionable whether it is appropriate to interpret an estimated version of (10) The nonhomothetic and nonneutral specification implies that returns to scale and the rate of technical progress are significantly affected by factor price changes and the level of output. These effects are illustrated in table 8 where the elasticities of E, E-'(Ecy) and Et with respect to factor prices, output, and time are reported. Of particular interest is the likely effect of higher labor prices. The estimated elasticity of E with respect to the price of labor is positive (0.1368). Thus, higher labor prices lead to more scale economies in the industry if all else remains the same. Higher labor prices also apparently contribute to greater cost reduction as technology advances since the elasticity of Et with respect to WL is positive. An increase in the price of materials, however, has a depressing effect on scale (-0.1236) and productivity (-0.0019). An increase in the level of production has a positive effect on the rate of technical progress (0.1496).
Conclusions and Implications
There is currently concern in Congress and elsewhere that recent structural changes in the meat products industry have set the stage for noncompetitive behavior. The empirical evidence of increasing returns to scale suggests there is potential for departures from the competitive model. Economic theory hypothesizes that declining-cost industries are eventually monopolized. On the basis of the current model, the concern about noncompetitive behavior in this industry appears well founded. 
